Effect of Interferon on Induction of S Antigen by Polyoma Virus in BHK 21 Cells
(Accepted 22 October I974) SUMMARY A new surface antigen (S antigen) can be detected by immunofluorescence during the abortive transformation of hamster cells by polyoma virus. It was found that addition of interferon greatly reduces the percentage of cells positive for S antigen.
When BHK 2I hamster fibroblasts are infected with high multiplicities of polyoma virus, there is no detectable virus production but almost all the cells acquire transiently some characteristics of stably transformed cells, a phenomenon termed abortive transformation (Stoker, 1968) . Among those characteristics are the ability to grow in suspension (Stoker, 1968) , the induction of the polyoma T antigen detectable by immunofluorescence (Meyer, Lh6risson & Bonneau, 1967) and the transient presence of the polyoma-specific cell surface antigen (S antigen) (Meyer, Birg & Bonneau, I969) and of polypseudopodia (Stoker et al. 1972) . Stationary monolayers of infected cells are also stimulated to synthesize DNA and to divide (Taylor-Papadimitriou, Stoker & Riddle, I971) .
Addition of homologous interferon (or of heterologous interferon, if the species are related; Buckler & Baron, 1966) to virus-infected cells specifically blocks the transcription of the virus DNA. Thus, T antigen does not appear in monkey cells infected with simian virus 40 in the presence of interferon (Oxman & Black, I966) , nor are virus-specific RNA sequences detectable (Oxman & Levin, 197I) . In lytic infection of mouse cells with polyoma virus, enhanced thymidine uptake can be prevented by interferon (Dulbecco & Johnson, I97o) . Similarly, in abortive transformation of BHK 21 cells by polyoma virus, treatment with interferon resulted in a significant decrease of the transformation rate tested by cloning efficiency in soft agar (Taylor-Papadimitriou & Stoker, 1971 ) . The percentage of cells induced to synthesize DNA or to divide was also drastically reduced, as was the abortive transformation itself, as assessed by the percentage of cells giving rise to microcolonies when suspended in methylcellulose medium.
We showed previously that BHK 21 cells infected with polyoma virus exhibited transiently a specific surface change (S antigen), evidenced by immunofluorescence with specific antisera (Meyer et aL 1969 ) . S antigen appeared rather early after infection, the maximum number of positive cells being reached around 18 h when the cells were grown in medium containing IO % calf serum and around 24 h when the culture medium contained only 0.2 % calf serum (Stoker et aL 1972) . As the appearance of this antigen is one of the earliest manifestations of abortive transformation, it seemed of interest to look at the effect of interferon.
Subconfluent monolayers of BHK 21 cells grown in BHK medium (Eurobio) with IO % tryptose phosphate broth (Difco), 5 % calf serum and antibiotics were infected with IOO p.f.u./cell of polyoma virus (small plaque Toronto strain, produced in secondary whole mouse embryo cells). The virus was adsorbed for 3 h at 37 °C, after which time the unadsorbed virus was removed and replaced by the same medium as above. Mock-infected cells were treated in the same manner with mouse cell extracts. (Buckler & Baron, 1966) , we also used a high titre mouse interferon preparation originating from Dr C. Chany's laboratory and kindly supplied by R. Cramer. It was induced in mouse MSVIC cells by infection with irradiated Newcastle Disease virus (input multiplicity: Ioo). The medium was collected, adjusted to pH 2 and kept at 4 °C for 5 days; the pH was then adjusted to 7"5. The preparation was concentrated by dialysis (IO x concentration, titre ~/mooo), and filtered on a G-75 column. The active fractions from the column were pooled, giving an interferon preparation with a titre of I : 32oo.
The control preparation was the supernatant fluid from MSVI mouse cells, treated as the interferon preparation, dialysed and filtrated.
When mouse cells were infected with polyoma virus and treated with this interferon preparation, we observed a 60 to 70 ~ decrease in the number of cells stained with an antipolyoma serum labelled with fluorescein isothiocyanate. Two procedures were used for the interferon treatment. In the first, the cells were treated with interferon for I2 h before infection, then infected and re-fed with medium containing interferon. In the second, the cells were treated with interferon at the end of the adsorption period. In each case, parallel cultures of mock-infected cells were treated with interferon in the same way.
At various time intervals after infection, the infected and mock-infected cells were harvested and tested for the presence of S antigen using immunofluorescent staining. Antisera were obtained from hamsters which, after protection by injection of either polyoma-induced xenogenic tumour cells, or of irradiated hamster polyoma tumour cells, or of polyoma virus, had rejected a polyoma-induced tumour graft. Before use, the sera were inactivated at 56 °C for 3o min, absorbed on BHK 2I cells and diluted 1:2 in I99 medium. Rabbit antihamster gamma globulin serum labelled with fluorescein isothiocyanate, obtained commercially (Pasteur Institute) was absorbed on hamster and mouse liver powder before use.
The surface antigen, staining by immunofluorescence was a modification of MSller's technique (MOller, I96I ). After harvesting in a o-Iz5 ~ trypsin solution, the cells were centrifuged, suspended in I99 medium and maintained in suspension for 2 h with a slow magnetic stirrer. The cells were pelleted and incubated for I h at 37 °C with the inactivated hamster antiserum. They were washed three times by resuspension in I99 medium and centrifuging and incubated 30 min at 37 °C with the labelled antiserum. After washing twice in medium and once in phosphate buffered saline, the cells were mounted in buffered glycerine and examined under a u.v. microscope.
Hamster interferon gave a 50 ~ reduction in the number of S antigen positive cells at I8 h after infection, a time at which a maximum number of cells is positive. It was used at a I : Io dilution in the culture medium; the titres of the preparation being around I/3oo. The mouse interferon preparation, used at a I:Io dilution in the culture medium (final titre I]32o), gave the same results (Fig. 0. Induction of S antigen therefore shows the same sensitivity to interferon as induction of other virus functions such as T antigen (Oxman & Black, I966) or stimulation of cellular DNA synthesis. Thus events such as induction of DNA synthesis or of mitosis, appearance of S antigen and the ability to form colonies in methylcellulose containing medium or in agar, all exhibit the same sensitivity to interferon.
Although the origin of S antigen (virus product, cell component specifically induced or de-repressed by a virus gene product?) is still unknown, there seems to exist, in the case of polyoma-induced S antigen, a clear cut difference between S antigen and the tumourspecific transplantation antigen (TSTA) or other cellular antigens (Meyer & Birg, I97o; Ting et al. 2972; Birg, 2973) . This difference may not be so clear in the SV 4o system (Ting et al. I972) . In abortive transformation, it seems clear that the expression of a given surface modification, namely the appearance of S antigen, could be related to the expression of a virus gene product. 
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